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19.  ABSTRACT 


modifications  and  that  an  OEA-30  engine,  hydraulic,  power  transmission,  and  final  drive  lubricant  could  be 
developed,  thereby  allowing  the  continued  multipurpose  use  of  MILrL-2104  lubricants  in  Army 
combat/tactical  ground  equipment 

The  development  of  an  OEA-30  lubricant  for  the  MIL-L-2104  lubricant  s'  'cificadon  will  remove  two 
lubricant  grades  and  eliminate  the  MIL-L-46167  ^ecificadon  from  the  Qualified  Products  List 


EXECUTIVE  SUMMARY 


Problems  and  Obiectives:  Developments  in  engine  technology  leading  to  higher  engine 
temperatures  and  increased  thennal-oxidative  stress  on  engine  oils,  along  with  new  emission 
requirements  in  1991  and  1994  have  resalted  in  formulation  changes  in  engine  lubricants.  Ihese 
changes  may  make  the  lubricants  less  desirable  as  power  transmission/hydraulic/final  drive  fluids. 
As  a  result,  several  manufacturers  of  commercial  construction  equipment  no  longer  permit  the 
use  of  engine  lubricants  in  their  transmission/hydraulic/final  drive  systems,  and  void  the  warranty 
if  engine  lubricants  are  used.  One  objective  of  this  program  was  to  evaluate  commercial/proprie¬ 
tary/military  engine,  hydraulic,  power  transmission,  and  final  drive  lubricants  to  obtain  data  to 
support  military  product  usage  and  to  satisfy  manufacturers’  warranty  requirements.  Other 
objectives  were  to  determine  the  suitability  of  these  products  in  current  military  equipment  and 
to  reduce  the  logistical  burden  in  supplying  additional  fluids  to  the  field. 

Importance  of  Project:  Tactical  engine  lubricants  conforming  to  military  specifications 
MIL-L-2104,  MIL-L-21260,  and  MIL-L-46167  are  used  in  the  engine,  hydraulic,  transmission, 
and  final  drive  systems  of  combat/tactical  ground  equipment.  This  long-standing  practice  was 
introduced  to  reduce  the  logistical  burden  in  supplying  additional  fluids  to  the  field  and  to 
preclude  the  potentially  disastrous  accident  of  ad^g  transmissionyhydraulic/final  drive  fluid  to 
the  engine. 

Technical  Approach;  The  approach  was  to  select  a  wide  variety  of  commercial/proprietary/mili- 
tary  engine,  power  transmission,  hydraulic,  and  final  drive  lubricants  and  evduate  them  with 
selected  chemical/physical  and  ben':;h  tests.  From  these  data,  three  lubricants  underwent 
performance  evaluation.  These  data  were  then  used  to  determine  the  possibility  of  developing 
a  new  OEA-30  engine,  hydraulic,  power  transmission,  and  final  drive  luteicant  for  combat/tactical 
ground  equipment  using  MIL-L-2104  and  MIL-L>46167  lubricants. 

Accomplishments:  All  selected  lubricants  were  evaluated.  The  results  of  these  evaluations  show 
that  the  military  specification  lubricants  will  meet  the  manufacturer  warranty  requirements  with 
only  a  few  upgrade  modifications  and  that  an  OEA-30  engine,  hydraulic,  power  transmi^on,  and 
final  drive  lubricant  could  be  developed,  thereby  allowing  the  continued  multipurpose  use  of 
MIL-L-2104  lubricants  for  engine,  hydraulic,  power  transmission,  and  final  drives.  Also,  a 
continued  good  rapport  was  maintained  with  the  equipment  and  lubricant  manufacturers. 

Military  Impact;  The  development  of  an  OEA-30  lubricant  for  the  MIL  L-2104  lubricant 
specification  will  remove  two  lutwicam  grades  and  eliminate  the  MIL-L-46167  specification. 
This  result  is  in  compliance  with  Army  regulations  to  have  multiple  usage  and  keep  lubricants 
at  an  absolute  minimum  for  combat/tactical  equipment 
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I.  INTRODUCTION/BACKGROUND 


At  the  present  time,  engine  oils  conforming  to  Military  Specifications  MIL-L-2104  "Lubricating 
Oil,  Internal  Combustion  Engine,  Combat/Tacdcal  Service "  (1)*,  MIL-L-21260  "Lubricating  Ofi, 
Internal  Combustion  Engine,  Preservative  and  Break-In"  (2),  and  MIL-L46167  "Lubricating  Oil, 
Internal  Combustion  Engine,  Arctic"  Q)  are  used  in  both  the  engines,  transmissions/final  drive, 
and  selected  hydraulic  systems  of  Army  ground  equipment  This  long-standing  practice  was 
introduced  to  reduce  the  logistical  burden  in  supplying  additional  fluids  to  the  field  and  to 
preclude  the  accidental  and  potentially  disastrous  effect  of  adding  transmission/hydraulic  fluids 
to  the  engine. 

Recent  developments  in  engine  technology  leading  to  higher  operating  temperatures,  increased 
thermal-oxidative  stress  on  engine  oils,  and  new  emission  requirements  in  1991  and  1994  have 
resulted  in  formulation  changes  in  engine  oils,  which  may  make  them  less  desirable  as 
transmission/hydraulic/final  drive  fluids.  Several  manufacturers  of  Commercial  Construction 
Equipment  (CCE)  no  longer  permit  use  of  engine  oDs  in  transmissions  of  Commercial 
Construction  Equipntent  and  void  the  warranty  if  engine  oil  is  used.  A  need  for  a  separate 
military  specification  for  a  transmission/hydraulk  fluid  may  exist  As  a  result,  continued  research 
and  development  in  this  area  is  ciiticaL 

The  MIL-L-2104E  specification  requires  the  Caterpillar  TO-2  0  Friction  Retention  (Bronze)  test 
and  the  AUi^  C-3  (5)  Friction  Retention  (Graphite)  test  Until  recently,  lubricants  from  both 
of  these  specifications  could  be  used  in  the  engine  and  powershift  iransmission/hydraulic  systems 
as  is  allowed  by  MIL-Lr2104,  MIL-L-21260,  and  MlL-L-46167  specifications. 

Caterpillar,  Inc.,  which  is  developing  a  new  T04  (g)  specification  for  power  transmission  fluids, 
will  require  the  use  of  these  fluids  in  its  transmissions  only  (not  for  engines).  Caterpillar  will 
no  longer  recognise  the  TO-l  specification  for  use  in  its  transmission  in  1991  as  a  result  of  a 
compatibility  {uoblem  that  had  developed  with  fluoroelastomer  material  used  in  seals  and  clutch 


*  Underscored  numbers  in  parentheses  refer  to  the  list  of  references  at  the  end  of  this  report 


plates  of  Caterpillar  transmissions.  Caterpillar  feels  that  to  be  able  to  deliver  maximum  long¬ 
term  performance  with  both  the  modem  engine  and  transmission  lubricants,  separate  and  distinct 
lubricants  must  be  used.0 

During  this  program,  Caterpillar  made  the  decision  to  no  longer  support  TO-2  friction  testing, 
and  no  longer  recommends  the  use  c  T  multigrade  lubricants  containing  VI  improvers  for  its 
powershift  transmissions  and  final  drives.  In  addition,  the  American  Society  for  Testing  and 
Materials  (ASTM)  TO-2  Surveillance  Panel  has  voted  to  disband  the  paneL  Also,  Caterpillar  has 
replaced  the  TO-2  Friction  test  with  the  TO-4  Friction  Properties  test,  which  uses  one  bronze, 
two  fluorodastomer,  and  tliree  paper  ftiedon  materials. 

Allison  Transmission  Division  (ATD)  aimounced  that  the  0-3  power  transmission  specification 
has  been  replaced  by  a  new  C-4  (8)  power  transmission  specification  and  began  recommending 
only  C-4  fluids  in  late  1989.  The  C-4  specification  has  two  Friction  Retention  tests.  One  test 
uses  graphitic  materials,  and  the  other  test  uses  paper  composite  materials.  ATD  plans  to 
continue  the  use  of  engine  oils  in  the  transmissions,  but  it  is,  at  the  same  time,  introducing  more 
fluoroelastomer  material  in  its  transmissions.  The  increased  use  of  these  materials  could  result 
in  fluoroelastomer  degradation  problems  similar  to  those  experienced  by  Caterpillar.  Therefore, 
ATD  is  developing  a  fluoroelastomer  compaiibUily  test  in  its  C-4  specification.  Any  fiuoro- 
c*astomer  problems  in  the  ATD  transmissions  could  have  a  major  impact  on  the  U.S.  Army,  ance 
the  majority  of  the  Army’s  tactical  ground  equipment  powerdiift  transmissions  are  manufactured 
by  ATD  and  use  engine  oils  as  lubricants. 


Also,  the  John  Deere  J20A  multipurpose  hydraulic/power  transmission  specification  brake  chatter 
test  uses  a  paper  asbestos  Imike  material,  but  the  John  D«ue  construction  equi|Hnent  uses 
graphitic  friction  brake  materials.  Presently,  John  D^ie  is  in  the  process  of  changing  its  friction 
brake  materials. 


These  developments  and  actions  require  that  (he  U.S.  Army  evaluate  these  new  transmission 
fluids  and  multipurpose  power  transmission  fluids  being  develop«l  by  industry  to  determine  the 
acceptability  of  these  fluids  in  Army  combat/tactical  ground  equipment  The  U.S.  Army  may 
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also  need  to  develop  niilitaiy  specifications  for  the  procurement  of  power  transmission  fluids  that 
will  satisfy  manufacturers’  warranty  requirements  if  the  performance  of  MlL-L-2104  cannot  be 
modifif  d  to  accommodate  this  changing  requirement 

MIL-STD-838  (9),  "Lubrication  of  Military  Equipment"  and  doctrine  states  tliat  petroleum 
logistics  is  most  effective  when  the  number  of  standard  fuels  and  lubricants  is  kept  to  the 
absolute  minimum  that  will  still  pennit  the  required  defense  posture  of  the  U.S.  Army.  To  keep 
this  number  at  a  minimum,  the  type  and  number  of  fuels  and  lubricants  required  to  support 
equipment  must  be  controlled.  Thus,  maximum  use  will  be  made  of  standard  q)ecification 
products  in  the  design  and  provision  of  new  vehicles  and  equipment 


II.  OBJECTIVES 

The  objective  of  this  program  was  to  investigate  commercial/proprietary  hydraulic^wer 
transmission  fluids  to  establish  criteria  for  supporting  the  use  of  military  specification  products 
in  satisfying  manufacturer  warranty  requirements  and  fully  mating  equipment  lubrication  needs. 

III.  APPROACH 

The  performance  of  this  work,  based  on  previous  efforts  conducted  in  this  area  (10-18).  consisted 
of  the  following  phased  program: 

•  Selection  of  lubricants 

•  Solicitation  and  procurement  of  the  lubricants 

•  Selectioa  of  chefmcal/pbysicaVbcnch  tests 

•  Test  evaluation  and  data  ccllecdon 

•  Select  lubricants  for  performance  evaluation  tests 

•  CcMiduct  petfomtance  tests. 
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A.  Test  Lubricants 


Currently,  a  large  number  of  proprietary  iiMiltipurpose  hydraulic/power  fransmission  and  final 
drive  lubricants  is  available  for  equipment  usage.  Therefore,  a  wide  variety  of  lubricants  were 
selected  for  this  program  that  satisfy  both  tlie  manufacturers’  warranty  requirements  and  meet  the 
needs  of  the  Army  ground/tactical  equipment  To  date,  twenty  lubricants  were  selected  and 
obtained  for  evaluatiort  These  lubricants  were  (1)  commercially  available  and  acceptable  under 
proprietary  specifications,  (2)  diesel  engine/hydraulic/power  transmission  and  final  drive 
lubricants  used  in  Army  ground/tactical  equipment  and,  (3)  candidate  arctic  engine/hydrat 
lic/power  transmission  lubricants.  TABLE  1  lists  the  fluids/lubricants  w'ith  BFLRF  code  and 
applicable  specifications. 

Of  these  20  lubricants,  six  (Nos.  1  threugh  6)  are  proprietary  multipurpose  hydraulic^ower 
transmission  fluids,  and  rive  (Nos.  7, 8, 9, 17,  and  19)  are  listed  under  MlL'L-2104  specification. 
Two  lubricants  (Nos.  15  and  16)  are  CaterpillirTO-4/TC)-5  Heavy-Duty  Powershift  Transmission 
Oils,  two  (Nos.  11  and  14)  are  MIL-L-21260  lubricants,  and  one  (No.  12)  is  a  commercial  CE, 
SAE  grade  15W-40  lubricant  Also,  three  lubricants  (Nos.  10,  18,  and  20)  arc  OEA-3C 
candidates,  while  lubricant  No.  13  is  a  Super  Tractor  Oil  Universal  (STOU).  The  20  lubricants 
include  a  wide  variety  of  additive  packages. 

B.  Test  Selection 

As  shown  in  TABLE  2,  no  single  common  specification  for  hydraulic  and  power  transmissions 
is  used.  The  manufacturers  of  commercial  construction  and  material-handling  equipment  issue 
and  each  use  its  own  proprietary  specification  for  h>Hlraulic  and  power  traitsmission  lubricants, 
even  though  an  American  Society  for  Testing  and  Materials  panel  has  develqred  a  umform 
specification  for  a  multipurpose  hydraulic/power  transmission  lubricant  The  test  prtytedures 
selected  for  this  program  were  taken  from  an  updated  listing  of  (he  various  manufacturers’ 
requiremsats  for  hydraulic  and  power  transmission  lubricants  (TABLE  3)  as  originally  iq)orted 
in  Reference  14  in  September  1981  These  physical/chemical  property  and  bench  tests 
(TABLE  4)  vs^crc  selected  because  they  were  best  suited  to  this  program. 
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Lube 

No. 

BFLRF 

Code 

TABLE  1.  Test  Lubricants 

Description/Specification 

■  S  .  c 

• 

1 

AL-18614-L 

Case/Intemational  (MHPT) 

MS-1207 

o. 

2 

AL-18658-L 

Ford/New  Holland  (MHPT) 

M2C134 

3 

AL-18665-L 

John  Deere  (MHPT) 

JDM-J20A 

4 

AL-18669-L 

John  Deere  (MHPT) 

JDM-J20A 

5 

AL-18676-L 

Massey-Ferguson  (MHPT) 

MF-1141 

6 

AL-18677-L 

Massey-Ferguson  (MHPT) 

MF-1141 

7 

AL-18928-L 

Army  Qualified  Product  (SAE  Grade  lOW) 

MIL-L-2104 

8 

AL-18927-L 

Army  Qualified  Product  (SAE  Grade  30) 

MIL.L-2104 

9 

AL-18750-L 

Army  Qualified  Product  (SAE  Grade  15W-40) 

MIL-L-2104 

a'.  •  /  '  * 

10 

AL.18930-L 

OEA-30  Candidate 

Company  A 

«  V  * 

• 

11 

AL-18955-L 

Army  Qualified  Product  (SAE  Grade  lOW) 

MIL-L-21260 

C  ' 

« ■ 

12 

AL-18890-L 

CE  (SAE  Grade  15W-40) 

Commercial 

•  P.a''  ■  , 

13 

AL-18891-L 

Super  Tractor  Oil  Universal  (Engine, 

STOU 

0.  ^ 

.  '  '  •  •  • 

Transmission,  Hydraulic,  Gears) 

14 

AL-19026-L 

Army  Qualified  Product  (SAE  Grade  15W-40) 

MIL-1^21260 

•  (  • 

15 

AL-18997-L 

Caterpillar  Powcrshift  Transmission  Fluid 

TO-4/rO-5 

:.■  €' 

(SAE  Grade  10) 

16 

AL-1898J-L 

Caterpillar  Powershift  Transmission  Fluid 

TO-4/rO-5 

♦.  V 

(SAE  Grade  30) 

'  •  ci'i ; 

17 

AL-19119-L 

Allison  Transmission  Div.  (C-4)  Fiuid/Army 

C-4/ME.-L-2104 

Qualified  Product  (SAE  Grade  15W-40) 

,p.-  .  - 

18 

AL-19392-L 

OEA-30  Candidate 

Company  B 

.■^  r  ' : 

- 

19 

AL-i9424-L 

Allison  Transmission  Div.  (C-4)  Fluid/Army 

C-4/MIL-L-2104 

.  "V  . 

1  'fr  ’ .  .  . 

Qualified  Product  (SAE  Grade  15W-40) 

-*  ^ 

•  ^ 

'  '  !# 

V 

20 

AL-19528-L 

OEA-30  Candidate 

Company  C 

5 


TABLE  2.  Manufacturer  and  Lubricant  Specifications 


Manufacturer 

Ford 

John  Deere 
Massey-Ferguson 
ntemational 

Allison  Transmission  Div. 

Caterpillar 

Army 


API/SAE/ASTM 

Various 


Specification 
ESN-M2C134-C  (19) 
JDM-J20A  (20) 
MF-1141  (21) 

MS- 1207  (22) 

C-4 

TO-4/TO-5 

ME.-L-2104D 
SAE  Grade  lOW 
SAE  Grade  30 
SAE  Grade  15W-40 

MIL-L-21260 
SAE  Grade  lOW 
SAE  Grade  15W  40 

MIL-L-46167 
OEA-30  Candidate 

CE.  SAE  Grade  15W-40 

STOU(2^ 
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TABLE  3.  Listing  of  Suppliers  of  Hydraulic/Power  Transmission  Systems 
Fluid  Requirements  for  Wheeled  and/or  Crawler  Vehicles 


Mennfiftnrer 

Specificttioo 

Allitoo 

Qtalmers 

PF821 

AUison 

Trusmlssioo 

C-4 

Cite>piUir 

TO-d/TO-S 

J.L 

Case 

TCH145 

Deutz 

GL4 

John  Deere 
JDM-J21A 

Caie/ 

Inreroetiocal 
_  MS-12(>7. 

K.  VU,  cSt,  It  4CfC 

X* 

X 

X 

NR 

X 

NR 

NR 

K.  Vu,  cSt,  It  loox: 

X 

X 

X 

X 

X 

X 

X 

ViioMity  Subility  it 

98.9‘C  (210TO 

NR 

NR 

NR 

X 

NR 

X 

X 

Viicot’ty  Index 

NR 

NR 

X 

X 

X 

NR 

X 

Appaient  Vti,  it 
♦r/.8“C  (OTO 

X 

X 

X 

X 

NR 

X 

X 

-28.9°C  (-20“?) 

NR 

X 

NR 

NR 

NR 

NR 

X 

FUth  Point,  “C 

NR 

X 

NR 

X 

NR 

NR 

NR 

Fire  Point.  “C 

NR 

X 

NR 

X 

NR 

NR 

NR 

Poor  Point.  *C 

X 

X 

X 

X 

X 

X 

X 

Rnst  PretectioQ 

X 

X 

X 

X 

X 

X 

X 

Conotioa 

y 

X 

X 

X 

X 

X 

X 

Antifoun 

X 

X 

X 

X 

X 

NR 

X 

KUrtomefi/Rubber  Cooipuibility 

X 

X 

X 

X 

X 

X 

X 

Cooipitibihty  w/otSer  Oils 

X 

NR 

X 

X 

X 

X 

X 

Oxiditioo  &  Thennil  Subility' 

X 

X 

X 

X 

X 

X 

X 

Fiictioo.  Qulch  and/or  Bnke 

NR 

X 

X 

X 

X 

X 

X 

Tianttnisiion  Duiability 

X 

NR 

NR 

NR 

X 

X 

X 

Wear  Protection 

X 

X 

X 

X 

X 

X 

NR 

Toxkiiy 

NR 

NR 

NR 

X 

NR 

NR 

NR 

API  Gravity 

NR 

NR 

X 

NR 

NR 

NR 

NR 

Aniline  Point 

NR 

NR 

NR 

NR 

NR 

NR 

X 

Color 

NR 

NR 

NR 

NR 

NR 

NR 

X 

Hydnolic  Petfoananoe 

NR 

X 

X 

X 

X 

X 

X 

Metals 

X 

X 

X 

NR 

NR 

X 

NR 

Neutnlixalioo  Nomber 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

Odor 

NR 

NR 

Nil 

NR 

NR 

NR 

NR 

Giit>u>R^due 

NR 

NR 

X 

NR 

NR 

NR 

NR 

Predpitation 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

Subki  Pour  Point 

NR 

X 

NR 

NR 

NR 

NR 

NR 

Sul&r 

NR 

NR 

NR 

NR 

NR 

X 

NR 

Pbeipbotui 

NR 

NR 

NR 

NR 

NR 

X 

NR 

CUorkie 

NR 

NR 

NR 

NR 

NR 

V 

NR 

Nitroten 

NR 

NR 

NR 

NR 

NR 

X 

Wl 

Water  Totennoe 

NR 

NR 

X 

NR 

y 

X 

X 

Dynienic  Corratioo  ^oodtuand) 

NR 

NR 

NR 

NR 

X 

NR 

NR 

Ctdd  Oil  RoaribOdy 

NH 

NR 

NR 

NR 

X 

NR 

NR 

Galvanic  {Vntectioa 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

*  X  B  To  Be  Detcnniaed. 
KR  °  Not  Required. 
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TABLE  3.  Listing  of  Suppliers  of  Hydraulic/Power  Transmission  Systems 
Fluid  Requirements  for  Wheeled  and/or  Crawler  Vehicles  (Cont’d) 


MtmifactBier 

Specifi^tian 

Mittsey- 

Ferguson 

MF-1141 

Minneapolis 

Moline 

35301 

Oliver/ 

White 

S-3727-B 

Verutile 

JDM-J20A 

Fut-AUis 

GM^137-M 

Ford 

M2C134^ 

ASTM 

ProDosed 

K.  Vis,  cSt,  U  40«C 

NR* 

X 

X 

NR 

NR 

NR 

NR 

K.  Vii,  cSt.  St  100°C 

X 

X 

X 

X 

X 

X 

X 

Viscosity  Stability  at 

98^“C  (210“F) 

X 

X 

NR 

X 

NR 

X 

X 

Viscosity  Index 

X 

X 

NR 

NR 

NR 

NR 

NR 

Ap;>icot  Vis.  ti 
•17.8'C  P*F) 

X 

X 

NR 

X 

X 

X 

X 

-28.9«C  (-20T0 

NR 

NR 

NR 

NR 

X 

NR 

X 

HisL  Point,  °C 

NR 

X 

X 

X 

X 

X 

X 

Fite  Point,  “C 

NR 

X 

NR 

NR 

X 

X 

NR 

Poor  Poirt.  "C 

X 

X 

X 

X 

NR 

X 

NR 

Rust  PnXectioQ 

X 

X 

NR 

X 

X 

X 

X 

Corrosion 

X 

X 

X 

X 

X 

X 

X 

Antifosm 

X 

X 

X 

■V 

X 

X 

X 

EUctouieis/Rub'  t  Compatibility 

X 

X 

NR 

X 

X 

X 

X 

Compatibility  w/other  Oils 

NR 

X 

NR 

X 

X 

X 

NR 

Oxidation  &■  Ibcnnal  Stab  ity 

X 

X 

NR 

X 

X 

X 

X 

Fritdoa.  Clmcb  and/or  Biake 

X 

X 

X 

X 

X 

X 

X 

Ttansmisituk  Durability 

X 

X 

NR 

X 

X 

X 

NR 

West  Protectioo 

X 

X 

NR 

X 

X 

X 

X 

Toxicity 

X 

X 

NR 

NR 

X 

X 

NR 

API  Gravity 

NR 

X 

NR 

NR 

NR 

NR 

NR 

Aniline  Point 

NR 

X 

NR 

NR 

NR 

NR 

HR 

Cfilof 

NR 

NR 

X 

NR 

NR 

NR 

NR 

Hydraulic  Prfonnaaee 

NR 

NR 

NK 

X 

X 

NR 

X 

Metals 

NR 

NR 

NR 

NR 

NR 

X 

NR 

Neuualtzaiion  Number 

NR 

X 

X 

NR 

NR 

NR 

NR 

Odor 

NR 

X 

NR 

NR 

NR 

X 

NR 

Carbon  Restdbe 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

Piedpilatiao 

NR 

X 

NR 

NR 

NR 

NR 

NR 

Stabk  Pair  PolDt 

NR 

NR 

«R 

NR 

NR 

NR 

NR 

Sulfur 

NR 

X 

NR 

NR 

NR 

NR 

NR 

Fbaapbosot 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

Cbloriae 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

iruro^ro 

NR 

NR 

NR 

NR 

NK 

KR 

NR 

Water  Tolenocc 

NR 

Nil 

NR 

X 

X 

NR 

X 

Dynaaic  Coctosion  gundtttintl) 

NR 

NR 

NP 

NR 

NR 

NR 

X 

Cold  Oil  Revaba^y 

N?. 

NR 

NR 

y 

NR 

NR 

NR 

Galvaiuc  Proieaioa 

NR 

NE 

NR 

NR 

NR 

Nk 

X 

*  X  ■  To  Be  IVyrmiofA 
NK  «  Not  S»;bL«L 
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TABLE  4.  Chemical/Physical  Properties  and  Bench  Tests 


a.  Viscosity  at  40°  and  100°C  (D  445) 

b.  Pour  Point  (D  97) 

c.  Foam  Tendency  [D  892A  +  Sequence  4  (MERCON)] 

(L  Copper  Corrosion  at  150°C  (D  130) 

e.  TAN  (D  664) 

f.  TBN(D664) 

g.  Elastomer  Compatibility  (Buna  N,  Polyacrylate,  Silicon, 

Fluoroelastomer)  ATT)  C-4 

h.  Elemental  (XRF  and  ICP) 

L  Nitrogen  (D  4629) 

j.  Tests  on  Selected  Lubricants: 

•  Viscosity  at  -40°C  (D  455) 

•  High-Temperature,  High-Shear  Viscosity  (D  4683)  (D  4628) 

•  TFOUT(D4742) 

•  LUBTOT 

•  ATD  C-4  Pump  Wear 

•  ATD  C-4  Fricdon  Characteristics  (Graphite) 


Upon  completion  of  the  chemical/physical  property  and  bench  tests,  the  data  were  collected  and 
tabulated.  From  these  data,  three  lubricants  (Nos.  10, 16,  and  20)  were  selected  in  conjunction 
with  Belvoir  RDE  Center  for  evaluation  in  the  HT/HS  Viscosity  (D  4683),  TFOUT  (D  4742), 
LUBTOT  (2^,  ATD  C-4  Pump  Wear  and  C-4  Friction  Characteristics  (Graphite)  performance 
tests. 


•  TFOUT  (D  4742)  is  used  to  evaluate  oxidation  stability  of  lubricating  base  oils  with 
additives  in  the  presence  of  chemistries  similar  to  those  found  in  engine  service. 

•  HT/HS  viscosity  (D  4624)  is  used  to  measure  the  viscosity  at  or  near  the  conditions 
of  shear  rate  and  temperature  that  will  be  experienced  in  severe  service. 

•  LUBTOT  is  used  to  evaluate  lubricant’s  performance  in  the  amount  of  oil  deposits 
formed  on  hot  surfaces  ^ce  excessive  deposits  can  drastically  shorten  the  life  of 
power  train  systems. 

•  C-4  Pump  Wear  is  used  to  measure  wear  characteristics  of  lubricants  to  protect  pump 
aod  transmission  components  &om  excessive  wear. 

•  C-4  Frictional  Cliaracteristics  (Graphite)  is  used  to  measure  the  friction  characteristics 
of  power  transmis^n  lubricants  on  heavy-duty  graphite-compo^te  clutcdtes. 
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IV.  DISCUSSION  OF  RESULTS 


The  test  lubricants  were  evaluated  as  they  were  received  at  BFLRF.  Upon  completion  of  the 
selected  physical/chemical/bench  tests,  the  test  results  from  each  lubricant  were  tabulated.  These 
results  are  reported  in  TABLE  5.  These  results  were  then  compared  to  the  various  proprietary 
and  military  specification  for  pass  or  fail  results.  Of  the  20  lubricants  evaluated,  only  five 
lubricants  (Nos.  2,  14,  15,  16,  and  19)  passed  all  tests.  The  15  failed  lubricants  included  four 
failures  with  the  copper  corrosion  test,  six  failures  with  the  seal  compatibility  test,  and  eight 
failures  with  the  foam  characteristics  test  The  three  OEA-30  candidate  lubricants  had  two 
lubricants  (Nos.  10  and  18)  that  failed  both  the  pour  point  and  the  -40®C  viscosity  tests. 

The  results  show  that  the  lubricants  that  failed  the  copper  corrosion  test  were  lubricant  Nos.  7, 
8,  9,  and  17.  All  four  of  these  lubricants  are  MIUL-2104  lubricants.  No  flaking  was  observed 
on  any  of  the  copper  strips,  MIL-L-2104,  MIL-L-21260  and  MIL-L46167  specifications  do  not 
contain  a  copper  corrosion  requirement  because  no  apparent  copper  corrosion  problems  have  been 
observed  in  the  field.  These  four  lubricants  also  qualified  as  ATD  C-3  fluids,  which  use  the 
100®C  copper  corrosion  test  tempeiature.  The  other  MIL-L-2104  lubricant  (No.  19)  had  passed 
the  new  ATD  0-4  specification,  which  uses  the  copper  corrosion  test  at  the  150®C  test 
temperature, 

Hve  lubricants  (Nos.  1,  8,  10,  12,  and  18)  failed  the  hardness  change  requirement  of  the  total 
immersion  test  (ATD  C-4).  Lubricant  No.  18  failed  both  the  volume  change  and  the  hardness 
change  of  the  total  immersion  test,  and  lubricant  No.  20  had  a  borderline  fail  with  the  total 
immersion  hardness  change  test  Note  that  lubricant  Nos.  10, 18,  and  20  are  OEA-30  candidate 
grade  synthetic  blend  lubricants;  the  Army  synthetic  lubricants  (MIL-L46167)  have  traditionally 
had  problems  with  the  seal  compatibility  tests. 

Lubricant  No.  3  failed  both  Sequences  I  and  IQ  of  the  foam  test  four  lubricants  (Nos.  4,  S,  6, 
and  13)  failed  Sequences  n  and  IV  of  the  foam  test;  and  three  lutmcants  (Nos.  10,  11,  and  12) 
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TABLE  5.  Chemical  and  Physical  Properties  Test  Results 
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•  XRF  j»  X-ny  fluomtocnce. 

)  Iftt^tcates  fail. 

Cov'd  uol  obtain  a  valid  viscoalty  at  -40*C 


TABLE  5.  Chemical  and  Physical  Properties  Test  Results  (Cont’d) 
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failed  only  Sequence  IV  of  the  foam  test  The  MIL-L-2104,  MIL-L-21260,  and  MIL-L-46167 
specificadons  do  not,  as  yet,  have  a  requirement  for  the  Sequence  IV  foam  test 

Of  the  three  OEA-30  candidate  lubricants  (Nos.  10, 18,  and  20),  Nos.  10  and  18  failed  the  pour 
point  of  -55®C  with  -40®  and  -54®C,  respectively.  Both  of  these  lubricants  also  failed  the 
temporary  -40®C  viscosity  of  15,000  to  16,000  cSt  maximum. 

Those  lubricants  that  failed  more  than  one  test  include:  Lubricant  No.  8  failed  two  tests,  the 
copper  corrosion  and  the  seal  compatibility  tests;  lubricant  No.  12  failed  two  tests,  the  seal 
compatibility  and  foam  characteristics  tests;  lubricant  No.  18  failed  three  tests,  the  seal 
compatibility  and  two  cold  temperature  tests  at  -40°C,  viscosity  and  pour  point  tests;  lubricant 
No.  10  failed  four  tests,  the  seal  compatibility,  foam  characteristics,  and  the  cold  temperature 
tests  at  -40®C,  viscosity  and  pour  point  tests. 

From  the  data  in  TABLE  5,  BFLRF,  in  concert  with  Belvoir  RDE  Center  personnel,  selected 
lubricants  Nos.  10, 16,  and  20  for  additional  evaluation.  The  additional  bench  and  performance 
tests  included  the  HTHS  Viscosity  (D  4683),  TFOUT  (D  4742),  LUBTOT,  ATD  C-4  Pump 
Wear,  and  C-4  Fiicuon  Characteristics  (Graphite)  tests. 

Lubricant  No.  10,  the  OEA-30  candidate,  was  selected  even  though  the  lubricant  failed  the  -40®C 
viscosity,  seal  compatibility  (Total  Inunersion),  and  Sequence  IV  Foam  tests.  The  manufacturer 
has  blended  a  candidate  lubricant  that  has  the  same  basic  additive  package  as  Lubricant  No.  10 
but  with  improve  cold  flowability,  seal  and  foam  characteristics.  This  new  candidate  will  be 
evaluated  upon  receipt  at  BFLRF.  Lubricant  No.  16  is  the  Caterpillar  TO-4/TO-5  service  fin 
fluid  and  is  of  interest  because  Caterpillar  no  longer  recommends  engine  lubricants  or  lubricants 
containing  viscosity  improvers  for  use  in  its  heavy-duty  powershift  transmissions  and  in  many 
final  drive  gear  boxes.  Lubricant  No.  20  is  the  best  OEA-30  candidate  evaluated  in  the 
chcmkal/phyacal  property  tests.  The  results  for  the  HTHS  viscosity,  TFOUT  and  LUBTOT  tests 
are  shown  in  TABLE  6  and  again  lubricant  No.  20  appears  to  be  the  best 
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TABLE  6.  Performance  Bench  Tests 


Lube 

No. 

Lube  Code 

HTHS  Viscosity 
at  150°C 

TFOUT, 

min. 

LLnJTOT  at  600“F, 
Deposit  Volume. 

cm^  X  10'^ 

10 

AL-18930-L 

3.21 

212 

9,604 

16 

AL-18986-L 

2.97 

248 

11,391 

20 

AL-19528-L 

3.08 

>500 

2,412 

The  results  from  the  ATD  C-4  pump  wear  and  friction  characteristics  (Graphite)  tests  are  reported 
in  TABLES  7  and  8.  AH  three  lubricants  (Nos.  10, 16,  and  20)  passed  the  C-4  pump  wear  test 
Lubricant  Nos.  10  and  16  passed  the  friction  characteristics  test,  but  Lubricant  No.  20  was  a 
borderline  fail  in  slip  time  and  midpoint  friction  of  the  C-4  friction  characteristics  test  The 
complete  C-4  pump  wear  and  friction  characteristics  test  data  are  included  in  the  Appendix. 


TABLE?.  ATD  C4  Pump  Wear  Test 


Lube 

No. 

Lube  Code 

Patton,  % 

ScratchinK 

10 

AL-18930-L 

100 

None 

16 

AL-18986-L 

100 

Light 

20 

AD19528-L 

100 

Light 

Scoring 

Pitting 

Burning 

Discoloration 

None 

None 

None 

Light 

None 

None 

None 

Light 

None 

None 

None 

None 

TABLE  8.  ATD  04  Friction  Characteristics  (Graphite) 


Lube 

No. 

Lube  Code 

Slip  Time, 

KC. 

Midpoint 

Friction 

Steel  Places 
Avg,  in. 

Qutch  Plate 
Ayg.  in. 

Pack  QeaianGC. 
in. 

10 

AL-1S930.L 

a72 

0.100 

aoooj 

0.0040 

0.020 

16 

AL.18986-L 

0.66 

0.103 

0.0002 

0.0030 

0.022 

20 

AL-19528-L 

(a76) 

(a094) 

0.0003 

0.0020 

aozo 

( )  lodicaics  Fail 
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V.  CONCLUSIONS 


A.  General 

After  evaluating  the  20  selected  lubricants,  comparing  these  results  with  various  commer- 
cial/proprietaiy  hydraulic^ower  transmission  tests,  and  discussing  these  data  with  personnel  from 
Caterpillar  and  Allison  Transmission  Division,  the  results  show  that  the  MIL-L-2104  and 
MIL-L-21260  specification  lubricants  can  satisfy  all  the  manufacturers’  warranty  requirements 
and  still  meet  the  Army’s  ground  vehicle/equipment  lubrication  needs.  The  militai>'  specification 
lubricants  are  judged  to  be  acceptable,  particularly  if  the  TO-2  friction  test  is  upgraded  to  the 
TO-4  sintered  bronze  friction  test,  the  C-3  friction  test  is  upgraded  to  the  C-4  friction  tests,  and 
requirements  for  the  C-4  copper  corrosion  tests,  the  C-4  and/or  TO-S  fluoroelastomcr  seal  tests, 
and  C-4  or  MERCON  Sequence  IV  foam  tests  are  addid.  'ITiis  work  also  shows  that  it  is 
possible  to  develop  a  multipurpose  OEA-30  lubricant  that  can  operate  in  the  Arctic  and  warmer 
climates  in  hydraulic/powcr  transmission  and  final  drive  systems  of  Army  combat/tactical  ground 
equipment  than  is  currently  specified  in  MIL-L-46167.  The  developed  OEA-30  lubricant  will 
aid  in  the  logisdes  by  removing  two  lubricant  grades  and  one  specification  from  the  Qualified 
Products  List 

B.  Specific 

•  The  problem  area  of  the  multipurpose  hydraulic/powcr  transmission  fluids  (Lubricant  Nos.  1 
through  6)  appears  to  be  foaming.  Of  the  six  fluids,  four  failed  part  of  the  foaming  test 

•  For  the  20  test  lubricants,  8  failed  part  of  the  foam  test 

•  The  five  MIL-L-2104  lubricants  (Nos.  7, 8, 9. 17,  and  19)  were  evaluated.  Of  these  lubricants, 
four  failed  the  copper  cOnoston  test  at  150°C,  while  No.  8  also  failed  the  total  immerrion 
hardness  change  part  of  the  seal  test  and  one  lubricant  (No.  19)  passed  all  physical/chemical 
tests  and  is  also  a  qualified  C-4  lubricant 
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•  Five  lubricants  (Nos.  1,  8, 10, 12,  and  18)  failed  the  C-4  seal  compatibility  tests. 

•  The  two  Caterpillar  TCM/TO-S  powershift  transmission  fluids  (Lubricant  Nos.  15  and  16) 
passed  all  physical  and  chemical  tests,  but  Lubricant  No.  16  had  the  highest  deposits  in  the 
LUBTOT.  These  lubricants  are  not  for  engine  usage. 

•  The  two  MIL-1^21260  preservative  lubricants  passed  all  physical  and  chemical  tests  with  the 
exception  of  the  lOW  grade  lubricant,  which  failed  the  Sequence  IV  part  of  the  foaming  test 
There  is  no  Sequence  IV  foam  test  in  the  MII^L-21260  specification. 

•  Lubricants  designed  for  only  power  transmission  usage  appear  to  produce  a  slightly  higher 
level  of  transmission  performance  than  the  MII^L-2104  lubricants  because  they  passed  all  the 
hydraulic  and  power  transmission  tests. 


VL  RECOMMENDATIONS 

•  The  majority  of  the  combat/tactical  ground  vehicle  heavy-duty  powershift  transmissions  use 
ATD  transmissions  that  predominantly  use  bronze  friction  disc  materiaL  The  ATD  C-4  friction 
tests  use  graphite  and  paper  friction  materials  for  qualification.  It  appears  that  the  Army  is 
without  a  test  to  evaluate  the  bronze  friction  discs  for  its  power  transmissions.  Even  if  the 
T04  bronze  friction  test  is  conducted,  there  is  no  correlation  between  this  test  and  the 
performance  of  the  bronze  disc  in  Allison  power  transmissions.  Therefore,  it  is  recommended 
that  a  correlation  be  developed  between  the  T04  bronze  friction  test  and  the  C-4  paper  and 
graphitic  frictiem  tests  and/or  develop  a  fraction  test  for  ATD  transmission  bronze  friction 
materiaL  In  addition,  it  is  reconunended  that  a  correlation  be  developed  betw'cw  the  C-4  and 
TO-4  friction  tests  and  the  John  Deere  brake  chatter  test  Also  until  this  correlation  has  been 
established,  it  is  recommended  that  the  TO-2  and  C-3  friction  tests  be  uppadM  to  the  T04 
and  C-4  frictioo  tests  for  the  Army  M1L-U2104,  MIL-L-21260,  and  MILrL-46167 
spedficaiions. 
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^  The  ME--L-46167  arctic  lubricant  specification  has  a  maximum  viscosity  at  -40®C  of  8,800 
cSt,  while  the  OEA-30  candidate  lubricants  have  a  -40®C  viscosity  of  14,000  to  16,000  cSl 
Therefore,  it  is  recommended  that  low-temperature  power  transmission  flowability/pumpability 
studies  be  conducted. 

•  It  is  also  recommended  to  add  a  copper  corrosion  test  to  prevent  copper  corrosion,  even  diough 
no  apparent  corrosion  problems  have  been  observed  in  the  field.  This  test  is  necessary  because 
of  increased  operating  temperatures,  and  the  MIL-L-2104,  MIL-L-21260,  and  MII^L-46167 
have  no  copper  corrosion  tests  in  their  specification.  It  will  be  necessary  to  add  the  C-4  and/or 
TO-3  fluoroelastotner  seal  tests.  It  is  additionally  recommended  that  the  Sequence  IV  foam 
test  be  added  to  Army  lubricant  specifications  MIL-L-2104,  MIL-L-21260,  and  MIL-L-46167. 
Vfith  the  addition  of  the  above-recommended  work,  an  OEA-30  hydraulic,  power  transmission 
and  final  drive  lubricant  can  be  developed  for  Army  combat/tactical  use. 

•  Caterpillar,  Allison  Transmission  Division,  and  John  Deere  Co.  have  expressed  concern  about 
transmission/fluid  drive  wear  because  only  the  Army  MIL-Lr46167  lubricant  has  a 
transmission  wear  test,  while  MIL-L-2104  and  MIL-L-21260  do  not  To  date,  the  Army 
lubricants  have  had  positive  results  in  the  transmission/final  drive  wear  area.  However,  with 
the  new  engine  lubricant  formulations  becoming  available  to  meet  the  1994  heavy-duty  diesel 
exhaust  emission  requirements,  it  appears  it  is  necessary  for  the  Army  to  conduct  further 
research  in  transmission/final  drive  wear  on  the  MIL-L-2104,  MIL-L-21260,  and  MIL-L-46167 
specificadoa  lubricants  using  the  appropriate  wear  tests  (pump  wear  andA>r  gear  wear). 
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HEAVY-DUTY  TRANSMISSION 
FLUID  SPECfflCATION 


Vn.  POWEK  STEERING  PUMP  WEAR  TEST 


TESTING  LABORATORY: 


TEST  NUMBER: 


LAB  FLUID  CODE: 


SPONSOR  FLUID  CODE: 


BARIUM 


BORON 


CALCIUM 


MAGNESIUM 


PHOSPHORUS 


SODIUM 


VISCOSITY  AT  40  *0 


VISCOSITY  AT  100  'C 


START/END 


CAM  RING  INSPECTION 


ItJiniUJiiiiaiWiMi 


TD  USE  ONLY) 


iKQaKnsil 


usaraiiai 

iioammBi 

lUiiaMr  ■ 


1  ini'iwiiim 


SCRATCHING  |_ 

SCORING  □ 

PITTING  Q 

BURNING  □ 

DISCOLORATION  0 

CBINDING  MARKS 
%  PATTERN  REMAINING 


NONE 

UGHT 

MEDIUM 

HEA 

□ 

DQ 

.CO  ■ 

□ 

m 

n 

CO 

CO 

E 

CO 

□ 

CO 

m 

□ 

n 

□ 

GO 

□ 

□ 

□ 

COMMENTS 


IRON  content 
~iNitiAi.T  hnal 


IRON  CONTENT 
iNrnAL]~hN^ 


•RECOMMENDED 

RATING 


TENT  IPAial  1  ^FAIL 

INAL 

ZJ  m  □ 

INCLUDE  CAM  lUNG  PHOTO  WTIH  TEST  REPORT. 


UNmiMINTMUMiMAXIMUMAVEIlAG 


TEMP£3»ATURE 

U5 

137 

136 

FLUID  PRESSURE 

IISII 

615S 

e7T4 

mi 

PUMP  OUT  TEMPERATURE 

ini 

145 

^ _ 

115 

(ATD  USE  ONLY) 


□  □ 


RlMMnO  0.  ToimjcnO.  Jr 


Sroap  LeKtr 


STKGATUK 
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vn.  POWtni  STEERING  PUMT  WEAK  TEST 


TESTING  LABORATORY 


TEST  NUMBER: 


LAB  FLUID  CODE: 


SPONSOR  FLUID  CODE: 


CAL  ANALYSIS 

SILICON 


IPutailHgnTgiij^ 


CALCIUM 


MAGNESIUM 


PHOSPHORUS 


SODIUM 


ZINC 


_ 

IKnaiEiQaiSMIHiai 
~iisai 
lltilM 


TD  USE  ONLY) 


iKY.v^wTnaii 


VISCOSITY  AT  40  *0 


VISCOSITY  AT  100  *0 


START/ENO 


CAM  RING  INSPECTION 


SCRATCHING 

SCORING 

PITONG 

BURNING 

DISCOLORATION 


none 

UGHT 

MEDIUM 

BEA 

□ 

m 

.□ 

•  □ 

D 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

D 

o 

o 

COMMENTS 


GRINDING  MARKS 
*  pattern  REMAINING  100 


IRON  CONTENT 
INITIAL!  FINAL 


•RECOMMENDED 

RATING 

1  PA^  I  I  FAIL 

ca  □ 

INCLUDE  CAM  RING  PHOTO  WITH  TEST  REPORT. 


(ATD  USE  ONLY) 


□  □ 


t.nrTi: 


TEMPERATURE _ 

FLUID  PRESSURE 


1  PUMP  OUT  YESIPERATURE 

NAME  R>)w;-nd  P.  Tl^wlttnd.  Jr- 
TITLE;  Group  IMtftr  _ 


UNITSlMIMUUM 

MAXlMlOkiAI 

7ERAGE 

•F  137 

m  I 

US 

PSI  6J1? 

6Z5Z  1  < 

•F  1  146 

149  1 

DATE: 

singature/ 


AL-18986-L 
WP-1 -10-11 
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AL-I8930-L 

Test  liualjer:  HP-1-1-13 


C-4  HEAVY-DUTY  TRANSMISSION 
FLUID  SPEOTICATTON 


AUISON  TRANSMISSION  DIVISIO. 
GENERAL  MOTORS 


TESTING  LABORATORY 


TEST  NUMBER: 


LAB  FLUID  CODE: 


SPONSOR  FLUID  CODE: 


ICAL  ANALYSIS 

SILICON 

I 


BARIUM 


BORON 


CALCIUM 


MAGNESIUM 


PHOSPHORUS 


SODIUM 


ZINC 


IEnaEI0»ir»s^i»7^ 


ifEinuiai 

iBCTggin-EMi 
iti!uaK»3ai 


(ATP  USE  ONLY) 


VISCOSITY  AT  40  "C 


VISCOSITY  AT  100  *C 


'  START 


CAM  RING  INSPECTION 


SCRATCHING  [3  I  I 

SCORING  G]  □ 

WTONG  G3  Q 

BURNING  Cl  I  I 

DISCOLORATION  Q  Q 

GRINDING  MARKS 

K  PATTERN  REUALNING  100  % 


NONE 

UGHT 

MEDIUM 

BEA 

CD 

□ 

.□  • 

□ 

E) 

a 

□ 

D 

G3 

□ 

□ 

□ 

Cl 

n 

□ 

n 

O 

a 

□ 

□ 

COMMENTS 


IRON  CONTENT 
iNiriiALl  fiNaL 


-lECOMMENDED 

KAn>^ 

f  PASS  1  f  fail' 

[3  n 

INCLUDE  CAM  RING  PHOTO  WITH  TEST  REPORT. 


(ATDUSEIMLY) 


rASSl  irAlt  ! 

a  D 


UVnS'MIKlMUM'MAWMUMAIiXEAGlI 


TEMPERATURE 

mmm 

JS 

139 

IJ7 

FLUID  PRESSURE 

■Si 

6m 

6IS4 

6ZU 

PUMP  OUT  TEMPERATURE 

i  T  1 

us 

149 

UT 

0.  Tcir'-Hj»a.  Jr. 
Snst?  Lf»4»f 


DATE: 

SIMIATURl 


i?»3 
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800THWEST  RESE2UICE  INSTITUTE 
San  Antonio,  Texas 

DIVISION  OF 

AUTOMOTIVE  PRODUCTS  AND  EMISSIONS  RESEARCH 


Report  on 

AIL.  JON  HYDRAULIC  TRANSMISSION  FLUID, 
TYPE  C-4  GRAPHITE  CLUTCH  FRICTION  TEST 

Conducted  for 

BSLVOIR  FUELS  &  LUBRICANTS  RESEARCH  FACILITY 

AL-18986-L 
Run  NuiaDer:  C7-8-83 


RMYiDriSH  D.  Tovasond,  Jr 
Gro)^  Leader 
Auconatio  Transaission 
Section 


January  7,  1991 
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C-4  HEAVY-DUTY  TRANSMISSION 
FLUID  SPEOncATION 


ALUSON  TRANSMISSION  DIVISION 
general  MOTORS 


vni.  GRAPHTTE  CLUTCH  FRICTION 
TEST  REPORT 


TESIINO  LABORATORY: 


TEST  NUMBER: 


SPONSOR  FLUE)  CODE:  I  AL-18986-L 


LAB  FLUE)  CODE: 


CBBOCM,  ANALYSIS 

SILICON  IM 

_ ME 

BARIUM _ ICI 

BORON _ ICI 

CALCIUM  ig 

MAGNESIUM  IQ 

PHOSPHORUS _ ICI 

SODIUM _ la 

ZINC  ~ici 

VISa«OC  ASTMDA45 

VIS  a  100  C  ASTM  D*A5 

IRON  I  CP 

START/SNO 

FRICTION  CHARACTERISTICS 


FRlcnON  PLATE  BATCH  No: 
STEEL  PLATE  BATCH  No: 


I  CP 

METHODl  RESULTS 


AH)  USE  ONLY 


— 

ppra 

— 

ppm 

— 

pp” 

— 

ppm 

— 

FP® 

•— 

pp” 

ppm 

o 

o 

ext 

1  — /11.37 

ext 

SUP  TIME  (SECONDS) 

O.J-SECONDS  DYNAMIC  COEFFICIEN' 
MID-POINT  FRICTION  COEFFICIENT 


STATIC  FRICTION  COEFFICIENT 


LOW  SPEED  PEAK  FRICTION  COEFF. 


IS  SECOND  LOW  SPEED  COEFF. 


0.096  B)nl 


:.soo. 

3400  N 

«  CHANOE 

0.66 

U.66 

0.000 

O.IU 

0.106 

4.50 

o.m 

0.109 

1.70 

0.U5 

O.Hl 

J.76 

0.150 

0.I4I 

6.00 

0.150 

0.139 

7.33 

CU7TCH  WEAR  DATA 


REFERENCE  TESTS 


I  ?ASS  I  I  FAILj 


MAXIMUM  WEAR  AVERAOE  WEAR  |  PASS  |  |  FAIL  | 

UMm  RESULTS  UMITS  RESULTS" 

STEEL  PLATES  (1)  —  0.0003  —  O.OflOJ  □  □ 

CLUTCH  PLATE  tl)  ...  ^  □  Q 

PACK  CLEARANCE  gtFOS!  O.OIB  AFTER  0  1  □  □ 


TtSTNUMSEH  TEST  DAT!  I  TEST  FLUID 


NAME-  0  Jr. 

signature! 


C3A-PA5$-l 
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C-4 


CLUTCH  PACK  IDENTIFICATION  AND  INSPECTION 
FOR  FRICTION  MODIFIED  FLUIDS 


Date:  Janua 


Candidate  Fluid  I . D .  :  AL-18986-I 


Pack  No:  #215  C-4  Graphite  I 
Dec  21  *89  Steel's 


Operator  Name: 


immmm 


Plate  No.  Loeatio 


Near  Inner  Diameter 
Befo 


0.083 


0_.0039 


866  0.0836 


Average  0.0034 


Near  Outer  Diameter 


34  0.0023 


0.0858  0.0831  0.0027 


Average  0.0025 
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SOUTHWEST  SESEARCE  INSTITUTE 
San  Antonio,  Texas 

DIVISION  OF 

AUTOMOTIVE  PRODUCTS  AND  EMISSIONS  RESEARCH 


Report  on 

ALLISON  HYDRAULIC  TRANSMISSION  FLUID, 
TYPE  C-4  GRAPHITE  CLUTCH  FRICTION  TEST 

Conducted  for 

BELVOIR  FUELS  t  LUBRICANTS  RESEARCH  FACILITY 


AL-19528-L 
Run  NUBber:  C7-1-87 


C-4 


CLUTCH  PACK  IDENTIFICATION  AND  INSPECTION 
FOR  FRICTION  MODIFIED  FLUIDS 


Dace;  January  11.  1991 

Pack  No: 

#289  C-4  Granhice  Lot  31 

Candidate  Fluid  I.D.:  AL-19528-L 

Ooeracor  Name:  Hark  Holmes 

Dec  21  *89  Steel' 

s 

bhhih 

Near  Inner  Diameter 

Near  Outer  Diameter 

Before  After 

T?p 

0.0867  0.0847 

0.0020 

0.0863  0  0843 

2 

120 

0,L;-21 

SIiIiHI'im 

rasTAiJ 

Clockwise 

.  240 

Q.i'Q22 

Average  0.0021 

Average  0.0019 

Near  Inner  Diameter 

Near  Outer  Diameter 

Tod 

....  0.Q683  0.0679 

0.0004 

0.0679  0.0678 

1 

120 

0.C6S?  O.Of.81 

O.OOCO 

0.0684  0.0680 

0.0004 

gl9ckv-isc. 

240 

wummmmm 

^.0.^0004  _ 

HHRRiEISKICRri 

0.0002 

Average  O.C'.’OS 

Average 

0.0002 

_ 

0.0004 

3 

120 

1 1'll  tHi  11.1 

Clockwise 

1.0 

wKmmmgmm 

(L.Q.0.01 _ 

IIIHKWST^!CVSVi^f!TSI 

Average  0.0002 

Average 

0.0003 

41 


SOOTHREST  RESEARCH  INSTITCTE 
San  AQtooio,  Texas 

DIVISION  O? 

AUTOMOTIVE  PRODUCTS  AND  EMISSIONS  RESEARCH 


Report  on 

ALLISON  HYDRAULIC  TRANSMISSION  FLUID, 
TYPE  C-4  GRAPHITE  CLUTCH  FRICTION  TEST 

Conducted  for 

BELVOIR  FUELS  «  LUBRICANTS  RESEARCH  FACILITY 


I 


AL-18930-L 
Run  Nuabert  C7-2-88 


l£mOiC£  TESTS 


MASfE:  0.  ^r. 


C-4 


currcH  PACK  identification  and  inspection 

FOR  FRICTION  MODinED  FLUIDS 


Dace:  January  12.  1991 

Candidate  Fluid  I.D.:  AI.-18930-L 

Operator  Name:  Hark  Holmes _ 


Pack  No:  >?290  C-&  Graphite  Lot  31 
Dec  21  '89  Steel's 


Friction  Plat e s 

IIMHHIi 

Near  Inner  Diameter 
Before _ After _ Change _ 

Near  Outer  Diameter 
_ a.efpre _ After _ Change 

Top 

0^0881  0_^0836 

0.0045 

0.0871  0.0832 

0.0039 

2 

120 

0.0042 

0.0873  0.0833 

0.0040 

Clockwise 

240 

0.0043 

—Ti  iTii'irra 

liHil'MI 

Average 

0.0043 

Average 

0.0037 

IRRRIPSRIli 

Near  Inner  Diameter 

Near  Outer  Diameter 
_ Befars _ AfSAx _ ChaRM 

Tod 

0.0678  0.0675 

KHSMili 

_ 0.0679  0.0675 

1 

120 

0.0007 

MWIITllim 

CLeckwlse 

240 

0.0004 

Average 

0.0005 

Average 

0.0003 

RRIH 

■!jKjfi*K.gai 

rriif 

Average 

0.0004 

Average 

0.0004 
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DISTRIBUTION  UST 


Department  of  Defense 


DEFENSE  TECHNICAL  INFORMATION  CTR 
CAMERON  STATION  12 

ALEXANDRIA  VA  22314 

OFC  ASST  SEC  DEF  FOR  PRODUCHON  & 
LOGISTICS 

ATIN:  L/EP  (MR  DYCKMAN)  1 

WASHINGTON  DC  20301-8000 

OFC  DEP  SEC  DEF  FOR  RSCH  &  ENGR 
ATTN:  DUSDRE/RAT  (DR  DIX)  1 

WASHINGTON  DC  20301-8000 

DEFENSE  ADVANCED  RSCH  PROJECTS  AGY 
DEFENSE  SCIENCES  OFHCE 
3701  NORTH  FAIRFAX  DRIVE 
ARLINGTON  VA  22203-1714 

DEFENSE  STANDARDIZATION  OFHCE 
ATTN;  DR  S  MILLER  1 

5203  LEESBURG  PIKE,  SUITE  1403 
FALLS  CHURCH  VA  22041 


CDR 

DEFENSE  GENERAL  SUPPLY  CENTER 


ATTN:  DGSC-S  (MR  HALVORSEN)  1 

DGSC-SS  1 

DGSC-ST  1 

RICHMOND  VA  23297-5000 

CDR 

DEFENSE  FUEL  SUPPLY  CENTER 
ATTN:  DFSC-Q  (MR  MARTIN)  1 

DFSC-A  1 

CAMERON  STATION 
ALEXANDRIA  VA  22304-6160 


CDR 

DEFENSE  LOGISTICS  AGENCY 
ATTN:  DLA-SE  1 

DLA-ORM  1 

CAMERON  STATION 
ALEXANDRIA  VA  22304-6179 


Department  of  the  Armv 


CDR 

US  ARMY  BELVOIR  RESEARCH, 

DEVELOPMENT  AND  ENGINEERING  CTR 


ATIN:  SATBE-FL  10 

SATBE-BT  2 

PORT  BELVOIR  VA  22060-5606 

HQ.  DEPT  OF  THE  ARMY 
Aim  DALO-TSE  (COL  HOLLEY)  1 

DALO-TSZ-B  (MR  KOWALQ  YK)  I 
SARI>-TC  (DR  CHURCH)  1 

SARD-TT  (MR  APPEL)  1 

WASHINGTON  DC  203104)561 


PROJ  MGR.  UGHT  ARMORED  VEHICLE 
ATIN:  AMCPM-LAV-E  (MR  DANSBURY)  I 
US  ARMY  TANK-AUTOMOTIVE  COMMAND 
WARREN  48397-5000 

CDR 

US  ARMY”  LABORATORY  COMMAND 
ATIN:  AMSLC-TP-PB  1 

ADELPHI WD  20783-1145 


CDR 

US  ARMY  MATERIEL  COMMAND 
ATIN:  AMQCP-IS  (MR  LEWANDOWSKI)  1 

AMCRD-S  1 

AMCRD-E  (MR  DIGIANDOMENICO)  1 

AMC  "D-A  (MR  TALTS)  1 

AMXL,4  (MR  GERBER)  1 

/  MCRD-"’ '  (MR  SUIXIVAN)  I 

AiMCS'.-.JG  1 

/  JSA-AR  1 

Af4CSM-MME  I 

5001  EISENHOWER  AVENUE 
ALEXANDRIA  VA  22333-0001 


DIRECTOR 

US  ARMY  MATERIEL  SYSTEMS  ANALYSIS 

Acnvm” 

ATTN:  AMXSY-Of  (MR  NIEMEYER)  1 

AMXSY-CR  1 

ABERDEEN  PROVING  GROUND  MD 
21005-5006 
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CDR 

US  ARMY  TANK-AUTOMOnVE  COMMAND 


ATTN;  AMSTA-RG  (DR  MCCLELLAND)  1 

AMSTA-RGD  1 

AMSTA-RGP  (MR  HNATCZUK)  1 

AMSTA-RGR  (DR  BRYZK)  1 

vVMSTA-MT  (MR  GLADEUX)  1 

AMSTA-MTC  (MR  GAGLIO)  1 

AMSTA-MC  (MR  POTTER)  1 

AMSTA-MV  (MR  ROBERTS)  1 

AMSTA-RS  (DR  PARKER)  1 

AMSTA-ZT  1 

AMCPM-M.  ’ (LTC  DAVENPORT)  1 

AMCPM-M9  (COL  SMITH)  1 

AMCPM-CE  (LTC  MCCANN)  1 

AMCPM-WF  (MR  MARTIN)  1 

WARREN  MI  48397-5000 

CDR 

US  ARMY  AVIATION  AND  TROOP  COMMAND 
ATIN:  AMSTR-ME  (MR  MILLER)  1 

AMSTR-MO  (MR  LAFOY  1 

AMSAV-SA  (MR  PICKETT)  1 

AMSAV-ME  (MR  MCDONALD)  1 

AMSAT-R-ZC  (MS  G  A  BARRETT)  1 

AMSAT-R-NC  (MR  CORGIAT)  1 

AMSAT-R-EP  (MR  EDWARDS)  1 

AMSAT-R-EF  (MR  IMMEN)  1 

4300  GOODFEUUOW  BLVD 
ST  LOUIS  MO  63120-1798 


DIRECTOR 

AVIATION  APPLIED  TECH  DIRECTORATE 
US  ARMY  RSCH  &  TECH  ACTIVITY  (AVSCOM) 


ATTN;  AMSAT-R-TP  (MR  MORROW)  1 

AMSAT-R-TV  (MR  REDDICK)  1 

PORT  EUSTIS  VA  23601-5577 

CDR 

US  .ARMY  NATICK  RD&E  CENTER 
ATTN:  SATKC-US  (MR  SIEGEL)  1 

SATNC-UE  (MR  CALUGEROS)  1 

NATICK  MA  01760-5020 

CDR 

US  ARMY  ARMAMENT  RD^  CENTER 
ATTN:  SMCAR-LC  1 

SMCAR-SC  1 

SMCAR-ESC-S  1 

PICATINNY  ARSENAL  Ml  07S06-5000 


CDR 

US  ARMY  DEPOT  SYSTEM  COMMAND 
ATTN:  AMSDS-RM-EFO  1 

CHAMBERSBURG  PA  17201 

CDR 

US  ARMY  MISSILE  COMMAND 

ATTN:  AMSMI-U  1 

PEDSTONE  ARSENAL  AL  35898-5243 

HQ.  US  ARMY  T&E  COMMAND 
ATTN;  AMSTE-TA-L  (LIVE  FIRE  OITICE)  1 

AMSTE-CM-R-0  1 

AMSTE-TE-T  (MR  RTTONDO)  1 

ABERDEEN  PROVING  GROUND  MD 
21005-5006 


CDR 

US  ARMY  RESEARCH  OFHCE 
ATTN;  SLCRO-EG  (DR  MANN)  1 

SLCRO-CB  1 

RSCH  TRIANGLE  PARK  NC  27709-2211 

DIRECTOR 

AMC  PACKAGING,  STORAGE.  AND 
CONT.4INERIZ.\TION  CENTER 
ATTN:  SDSTO-TE-S  I 

TOBYHANNA  PA  18466-5097 

CDR 

US  ARMY  WATER  VUET  ARSENAL 
ATTN;  S.MiWY-RDD  1 

WATERVLIETNY  12189 

CDR 

US  ARMY  FORHGN  SCIENCE  &  TECH  CTR 
ATIN:  AIAST-RA-ST3  (MR  BUSI)  1 

220-7TH  STREET  NE 
CHARLOTTESVILLE  VA  22901 

CDR 

AMC  MATERIEL  READB^ESS  SUPPORT 
ACnVITY  (MRSA) 

ATTN;  AMXMD-RO  (AOAP)  I 

LEXINGTfW  KY  40511-5101 

CDR 

US  ARifY  LFA 

ATTN:  LC  EA-PL  (MR  LEVAN)  1 

DEFENSE  DISTRIBUTION  REGION  EAST  (PDSE) 
NEW  ajMBERLA.NT)  PA  17070 
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PROJECT  MANAGER 
PETROLEUM  &  WATER  LOGISTICS 
ATTN:  AMCPM-PWL  1 

4300  GOODEELLOW  BLVD 
ST  LOUIS  MO  63120-1798 


CDR 

US  ARMY  PETROLEUM  CENTER 
ATn'f:  SATPC-Q  (MR  ASHBROOK)  1 

SATPC-QR  1 

SATPC-QE,  BIX)G  85-3 

(MR  GARY  SMITH)  1 

NEW  CUMBERLAND  PA  17070-5008 

CDR 

US  PETROLEUM  FIELD  OFHCE  WEST 
ATTN:  SATPC-QW  (MR  ECCLESTON)  1 


DDRW,  BLDG  247,  TRACEY  LOCATION 
P  0  BOX  96001 
STOCKTON  CA  95296-0960 

HQ 

US  ARMY  ARMAMENT,  MUNITIONS  & 
CHEMICALS  COMMAND 
ATTN:  AMSAR-LEM  1 

ROCK  ISLAND  ARSENAL  IL  61299-6000 

CDR 

US  ARMY  COLD  REGION  TEST  CENTER 
ATTN:  STECR-TA  1 

APO  SEATTLE  V/A  98733 

CDR 

US  ARMY  RSCH,  DEV  &  STDZN  GROUP  (UK) 
ATIN:  AMXSN-UK-RA 

(DR  REICHENBACH)  1 

BOX  65 

FPO  NEW  YC'RK  09510-1500 
CDR 

US  ARMY  COMBAT  SYS  TEST  ACTY 
ATIN:  STECS-EN-T  1 

ABERDEEN  PROVING  GROUND  MD 
21005-5059 

CDR 

US  ARMY  BIOMEDICAL  R&D  LABORATORY 
ATIN:  SGRD-UBZ-A  (MR  EATON)  1 

FORT  DETRICK  MD  21702-5010 

CDR 

US  ARMY  YUMA  PROVING  GROUND 
ATIN:  STRYP-MT-TL-M  1 

YUMA  AI  85364-9 J  03 


CDR 

US  ARMY  EUROPE  &  SEVENTH  ARMY 
ATTN:  AEAGG-FMD  1 

AEAGD-TE  1 

APO  NEW  YORK  09403 

CDR 

CONSTRUCTION  ENG  RSCH  LAB 
ATTN:  CECER-EN  1 

P  0  BOX  9005 
CHAMPAIGN  E-  61826-9005 

HQ,  172D  INFANTRY  BRIGADE  (ALASKA) 
ATTN:  AFZT-DI-L  1 

DIRECTORATE  OF  INDUSTRIAL  OPERATIONS 
FORT  RICHARDSON  AK  99505 


PROGM  EXEC  OFF,  COMBAT  SUPPORT 
PM  LIGHT  TACTICAL  VEHICLES, 

ATTN:  SFAE-CS-TVL  1 

PM  MEDIUM  TACTICAL  VEHICLES, 

ATTN:  SFAE-CS-TVM  1 

PM  HEAVY  TACTICAL  VEHICLES, 

ATTN:  SFAE-CS-TWH  1 

US  ARMY  TANK-AUTOMOTIVE  COMMAND 
WARREN  MI  48397-5000 

PROGM  EXEC  OFF,  CLOSE  COMBAT 
APEO  SYSTEMS,  ATIN:  SFAE-ASM-S  1 

PM  ABRAMS,  ATTN:  SFAE-ASM-AB  1 

PMBFVS,ATTN:  SFAE-ASM-BV  1 

PM  113  FOV,  ATTN:  SFAE-ASM-AFAS  1 

PM  M9  ACE,  ATTN:  SFAE-ASM-FARVA  1 

PM  IMP  REC  VEH,  ATTN:  SFAE-ASM-CMV  1 

US  ARMY  TANK-AUTOMOTIVE  COMMAND 
WARREN  MI  48397-5000 


DOD  PROJ  MGR.  MOBILE  ELECTRIC  POWER 
US  ARMY  TR(X)P  SUPPORT  COMMAND 
ATTN:  AMCPM-MEP-TM  (MR  WADSI)  1 

7500  BACKLICK  ROAD 
SPRINGFIELD  VA  22150 

CDR 

US  ARMY  FOROiS  COMMAND 
ATTN;  AFLG-REG  1 

FCJ4-TRS  1 

FORT  MCPHERSON  GA  30330-6000 

HQ 

US  ARMY  TRAINING  &  DOCTRINE  CMD 
ATTN;  ATCD-SL-5  1 

FORT  MONROE  VA  23651-5000 
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HQ,  US  ARMY  ARMOR  CENTER 
ATTN;  ATSB-CD-ML  1 

ATSB-TSM-T  1 

FORT  KNOX  KY  40121 

CDR 

lOlST  AIRBORNE  DIV  (AASLT) 

ATTN:  AFZB-KE-J  1 

AFSB-KE-DMMC  1 

FORT  CAMPBELL  KY  42223 

CDR 

US  ARMY  QUARTERMASTER  SCHOOL 
ATTN:  ATSM-CDM  (MR  C  PARENT)  1 

ATSM-PWD  (LTC  GIBBONS)  1 

FORT  LEE  VA  23801 


CDR 

US  ARMY  COMBINED  ARMS  &  SUPPT  CMD 


AND  FT  LEE 

ATTN:  ATCL-CD  1 

ATCL-MS  1 

FORT  LEE  VA  23801-6000 

CDR 

US  ARMY  FIELD  ARTILLERY  SCHOOL 
ATIN:  ATSF-CD  1 

FORT  SILL  OK  73503-5600 

CDR 

US  ARMY  TRANSPORTATION  SCHOOL 
ATIN:  ATSP-CD-MS  1 

PORT  EUSTIS  VA  2360L5000 

CDR 

US  ARMY  M^ANTRY  SCHOOL 

ATIN:  ATSH-CD-MS-M  1 

FORT  BENNENG  GA  31905-5400 

CDR 

US  ARMY  AVIATION  CTR  &  FT  RUCKER 
ATIN:  ATZQ-DI  1 

PORT  RUCKER  AL  36362 

CDR 

US  ARMY  ENGINEER  SCHOOL 

ATIN:  ATSE-CD  1 

FORT  LEONARD  WOOD  MO  65473-5000 


CDR 

US  ARMY  SAFETY  CENTER 

ATTN:  CSSC-SPS  1 

FORT  RUCKER  AL  36362 

CDR 

MILHARY  TRAFFIC  MGM  COMMAND 
ATTN:  MT-SA  1 

WASHINGTON  DC  20315 

CDR 

COMBINED  ARMS  COMBAT  DEV  ACTY 
ATTN:  ATZL-CAT-E  1 

ATZL-CAT-A  1 

FORT  LEAVENWORTH  KS  66027-5300 

CDR 

US  ARMY  ORDNANCE  CENTER  &  SCHOOL 
ATIN:  ATSL-CD-CS  1 

ABERDEEN  PROVING  GROUND  MD 
21005 


CDR 

US  ARMY  WESTERN  COMMAND 

ATTN:  APLG-TR  1 

FORT  SCHAFFER  HI  96858-5100 

CINC 

US  SPECIAL  OPERATIONS  COMMAND 
ATIN:  SOJ4-P  1 

MACDILL  AFB  FL  33608 

CDR 

US  CENTRAL  COMMAND 

ATTN;  CINCCEN/CC  J4-L  1 

MACDILL  AFB  FL  33608 

HQ.  EUROPEAN  COMMAND 
ATTN:  Ea4/LU  (LTC  CUMBERWORTH)  1 

VAIHINGEN.  GE 
APO  NEW  YORK  09128 
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Department  of  the  Navy 


CDR 

NAVAL  AIR  PROPULSION  CENTER 
ATTN:  PE-33  (MR  D’ORAZIO)  1 

PE.32  (MR  MANGIONE)  1 

P  O  BOX  7176 
TRENTON  NJ  06828-0176 


CDR 

DAVID  TAYLOR  RESEARCH  CENTER 
ATTN:  CODE  2830  (MR  SINGERMAN)  1 

CODE  2832  (MS  BIEDERICH)  1 

CODE  2759  (MR  STRUCKO)  1 

ANNAPOUS  MD  21402-5067 

OFFICE  OF  CHIEF  OF  NAVAL  RESEARCH 
ATIN:  OCNR-12E  (DR  ROBERTS)  1 

ARLINGTON  VA  22217-5000 

CDR 

NAVAL  AIR  ENGR  CENTER 

ATTN:  CODE  92727  1 

LAKEHURSTNI  08733 

CDR 

NAVAL  SEA  SYSTEMS  COMMAND 
ATIN:  CODE  05M32  (MR  DEMPSEY)  1 

WASHINGTON  DC  20362-5101 

CDR 

NAVAL  FACnJTIES  ENGR  CENTER 
ATTN:  CODE  1202B  (MR  BURRIS)  1 

200  STOVAL  STREET 
ALEXAInDRIA  VA  22322 


CDR 

NAVAL  PETROLEUM  OFHCE 

ATTN:  CODE  40  (MR  LONG)  1 

CAMERON  STATION 

ALEXANDRIA  VA  223(M-6180 

DEPARTMENT  OF  THE  NAVY 

HQ.  US  MARINE  CORPS 

ATTN:  LPP-2  (MAJ  TALLERI)  1 

WASHINGTON  DC  20380 


JOINT  OIL  ANALYSIS  PROGRAM  - 
TECHNICAL  SUPPORT  CENTER  1 

BLDG  780 

NAVAL  AIR  STATION 
PENSACOLA  FL  32508-5300 

CDR 

NAVAL  AIR  SYSTEMS  COMMAND 

ATIN:  CODE  53632F  (MR  MEARNS)  1 

WASHINGTON  DC  20361-5360 

CDR 

NAVAL  RESEARCH  LABORATORY 

ATTN:  CODE  6180  1 

WASHINGTON  DC  20375-5000 

US  MARINE  CORP  LIAISON 
ATTI'I:  USMC-LNO  (MAJ  OTTO)  1 

US  ARMY  TANK-AUTOMOTIVE  COMMAND 
(TACOM) 

WARREN  MI  48397-5000 
CDR 

NAVAL  SHIP  SYSTEMS  ENGINEERING 
STATION 

ATTN:  CODE  053C  1 

PHILADELPHIA  PA  19112-5083 

DEPUTY  COIvlMANDING  GENERAL 
USMC  RD&A  COMMAND 
ATTN:  PM  GND  WEAPONS  (CB6r). 

LTC  VARELLA  1 

SSEA  (LTC  PHILLIPS)  1 

QUATOCO  VA  22134-5080 

COMMANDING  GENERAL 
USMC  RD&A  CMD 

ATTN:  CODE  SSCMT  1 

WASHINGTON  DC  203804)001 

H&S  BATTAUON 

ATTN:  MCCDE  (CODE  WF12E1)  1 

WARFIGHITNG  CENTER 
QUANnCO  VA  22134-5010 


OFHCE  THE  CNf" 

ATIN:  1 

DEPT  or  NAVY 
WASKIK01GN  DC 
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Department  of  the  Air  Force 


HQ,  US  AIR  FORCE 

ATTN:  LEYSF  1 

WASHINGTON  DC  20330 

CDR 

SAN  ANTONIO  AIR  LOGISTICS  CTR 
ATTN:  SAALC/SFT  (MR  MAKRIS)  1 

SAALC/LDPE  (MR  ELLIOT)  1 

KELLY  AIR  FORCE  BASE  TX  78241 

CDR 

WARNER  ROBINS  AIR  LOGISTIC  CTR 
ATTN:  WRALC/LVR-1  (MR  PERAZZOLA)  1 
ROBINS  AIR  FORCE  BASE  GA  31098 

615  SMSQ/LGTV  (MMEP)  1 

BLDG  100  ROOM  234 

EGLIN  AIR  FORCE  BASE  FL  32542-5000 


CDR 

US  AIR  FORCE  WRIGHT  AERO  LAB 
ATTN:  POSF  (MR  DELANEY)  1 

POSL  (DR  DAYTON)  1 

MLSE  (MS  REID)  1 

MLBT  (MR  SNYDER)  1 

WRIGHT-PATTERSON  AFB  OH  45433-6563 

CDR 

DET29 

ATTN:  SA-ALC/SFM  1 

CAMERON  STATION 
ALEXANDRIA  VA  22304-6179 


CDR 

USAF  3902  TRANSPORTATION  SQUADRON 
ATIN:  LGTVP  (MR  VAUGHN)  1 

OFFUTT  AIR  FORCE  BASE  NE  68113 


Other  Organizations 


NATIONAL  AERONAUTICS  AND  SPACE 
ADMINISTRATION  1 

LEWIS  RESEARCH  CENTER 
CLEVELAND  OH  44135 

DEPT  OF  TRANSPORTATION 
FEDERAL  AVIATION  ADMINISTRATION 
AWS-110  1 

800  INDEPENDENCE  AVE.  SW 
WASHINGTON  DC  20590 


DEPARTMENT  OF  ENERGY 
CE-151.ATTN:  MR  JOHN  RUSSELL  1 

1000  INDEPENDENCE  AVE,  SW 
WASHINGTON  DC  20585 

ENVIRONMENTAL  PROTECTION  AGENCY 
AIR  POLLUTION  CONTROL  1 

2565  PLYMOUTH  ROAD 
ANN  ARBOR  MI  48105 
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